IgG titers in coronary artery disease has been described. The possibility of predicting ischemic stroke by measurements of plasma Lp(a) and C pneumoniae antibodies was investigated. Methods-This incident case-control study included 101 case subjects (cases) who had suffered ischemic cerebral infarctions and 201 matched control subjects (controls). The study population was nested within the Västerbotten Intervention Program or the WHO MONICA project. Plasma samples were measured for C pneumoniae-specific IgG and IgA antibodies and Lp(a). Results-A significantly higher mean Lp(a) level was found in female cases than in female controls. However, plasma Lp(a) was unable to predict ischemic cerebral infarctions in either women or men. The proportion of individuals with positive C pneumoniae-specific IgG or IgA titers did not differ between cases and controls. Antibody titers were unable to predict a future stroke. The proportion of individuals with a positive C pneumoniae IgG titer in combination with a high Lp(a) level did not differ significantly between cases and controls. Conclusions-These data suggest that there is no association between baseline plasma Lp(a) levels, presence of C pneumoniae antibodies, and future ischemic cerebral infarctions. Furthermore, no evidence of an interactive effect between high Lp(a) levels and C pneumoniae IgG titers was found. However, selection bias and a recent C pneumoniae epidemic may have influenced the results. 
L ipoprotein(a) [Lp(a)] is a known independent risk factor for the development of coronary artery disease. [1] [2] [3] [4] [5] Most previous studies aimed at investigating a possible connection between ischemic stroke and Lp(a) have demonstrated higher Lp(a) levels among case subjects (cases) than among control subjects (controls). 6 -13 However, only 1 previous study has evaluated the association between baseline plasma concentration of Lp(a) and future risk of stroke. 14 In addition to the known risk factors of ischemic cerebral infarctions, eg, hypertension, smoking, diabetes mellitus, and hypercholesterolemia, infectious and immunological mechanisms has been suggested. [15] [16] [17] The obligate intracellular bacterium Chlamydia pneumoniae is one of the pathogens that has been linked to atherosclerosis. 18 -22 The combination of high C pneumoniae IgG titers and increased Lp(a) levels has been shown to occur significantly more often in male patients with early coronary artery disease than in male controls. 23 It was suggested that this finding was due to a common involvement in an autoimmune mechanism that promotes atherosclerosis.
The aim of the present study was not only to investigate whether plasma Lp(a) and C pneumoniae IgG and IgA titers can predict future stroke but also to evaluate the suggested interactive effect between high Lp(a) levels and positive C pneumoniae IgG titers in cerebrovascular atherosclerosis.
Subjects and Methods
The subjects in this study were described earlier. 24 All cases and controls participated in the Västerbotten Intervention Program (VIP), 25 a northern Swedish community intervention program, or in the WHO MONICA (Monitoring Trends and Determinants in Cardiovascular Disease) Project, 26 which are running concurrently in northern Sweden. Blood samples were donated to the Northern Sweden Medical Research Bank (NSMRB) before the stroke. The inclusion criteria were met in 129 of 166 reported stroke subjects in the Northern Sweden MONICA incidence registry. To meet the inclusion criteria, cases could not have a cancer diagnosis according to the Swedish National Cancer Registry. In addition, they should have participated in the VIP or MONICA health surveys and donated a blood sample to the NSMRB before the stroke event. Individuals with a previous acute myocardial infarction and/or stroke were excluded. The classification of stroke events and the diagnostic criteria were described earlier. 26, 27 In the present study, patients with hemorrhagic stroke (22 cases) or unspecified stroke (6 cases) were excluded. Only cases with ischemic stroke, ie, who presented no signs of hemorrhage on a CT scan or at autopsy, were included.
Two matched controls for each case were randomly selected among participants in the health surveys who had not died or suffered acute myocardial infarction, stroke, or cancer before or during the study period. Matching was performed for sex, age (Ϯ2 years), date of health survey (Ϯ1 year), geographical region, and study type (MONICA or VIP). The final study group consisted of 101 cases (41 women and 60 men, mean age 55.6 years) and 201 controls (82 women and 119 men, mean age 55.6 years). One control was excluded because of missing blood samples.
Cases and controls were identified from January 1, 1985, through August 31, 1996. The mean time span between examination and onset of ischemic stroke was 35.7 months for cases. No significant difference in mean time span between sampling and onset of stroke was found between cases with a positive or negative C pneumoniae IgG or IgA antibody titer in plasma (Pϭ0.296).
The number of individuals with missing values was Յ6 per variable in the plasma analyses and 10 in the other variables. Missing values were replaced in the conditional logistic regression analyses. The missing categorical variables were replaced by the value representing absence of the characteristic and the continuous variables by the mean value (symmetric variables) or the median value (skewed variables) for the control group.
The blood sampling and handling of drawn samples have been described elsewhere. 24 Samples were kept frozen at Ϫ80°C until analyzed. All samples were thawed at the same time and analyzed within a few days without knowledge of whether the samples belonged to cases or controls.
The presence of C pneumoniae-specific IgG and IgA antibodies in plasma was determined by indirect immunofluorescence using C pneumoniae strain IOL-207 as antigen. An IgG titer in plasma of Ն1/32 and an IgA titer Ն1/16 were judged to be positive and were interpreted as a current or earlier C pneumoniae infection.
Plasma was measured for specific apolipoprotein(a) contents by use of an in-house ELISA technique. A catching polyclonal monospecific apo(a) antibody was used. An established threshold value for Lp(a) in plasma is 300 mg/L. This value was therefore chosen as a cutoff point.
Hypertension was defined as a systolic blood pressure Ն160 mm Hg and/or a diastolic blood pressure Ն95 mm Hg and/or the individual's being on antihypertensive medication. Smokers were defined as those reporting daily smoking. Ex-smokers or occasional smokers were classified as nonsmokers.
Initially, the variables of primary interest, ie, Lp(a) and C pneumoniae-specific IgG and IgA antibody titers in plasma were analyzed univariately. The variables used for adjustment were smoking, body mass index (BMI), diabetes mellitus, hypertension, and total cholesterol. These variables were chosen because of their well-known association with atherosclerosis and stroke. SPSS 7.5 for Windows was used to calculate continuity-corrected 2 tests, Fisher's exact tests, and independent-sample t tests. ORs and their CIs were calculated by logistic regression analysis. These analyses were performed by use of the conditional maximum likelihood routine designed for matched analysis, available in the EGRET package.
The study was approved by the Research Ethics Committee of Umeå University and the data handling procedures by the National Computer Data Inspection Board.
Results
The distribution of risk factors for stroke in cases and controls at baseline is presented in Table 1 .
The proportion of individuals with Lp(a) Ն300 mg/L in plasma did not differ significantly between cases and controls ( Table 2) . A similar result was found when men and women were analyzed separately. However, a significantly higher mean Lp(a) level was found in female cases than in female controls. When men were analyzed separately, no difference was found. The results from the conditional logistic regression analyses did not show any association between the risk of ischemic cerebral infarction and Lp(a) either in the total population or in men or women (Table 3) . Adjustment for smoking, hypertension, diabetes mellitus, BMI, and total cholesterol was performed for the total population but not in women and men separately, because there were too few subjects. The adjustment did not change the result for the total population ( Table 3) .
The distribution of IgG and IgA titers among cases and controls is presented in Table 4 . No significant difference in proportion of individuals with a positive C pneumoniaespecific IgG or IgA titer was found when cases and controls were compared (Table 2) . Similar results were found when men and women were analyzed separately. The risk of cerebral infarction was not found to be associated with a positive C pneumoniae-specific IgG or IgA titer in plasma (Table 3) . Surprisingly, when adjustment was made for smoking, hypertension, diabetes mellitus, BMI, and total cholesterol, a decreased risk of cerebral infarction was found to be associated with a positive C pneumoniae IgG titer in the total population (Table 3) . Adjustment was not performed in women and men separately.
The proportion of individuals with a positive C pneumoniae IgG titer and Ն300 mg/L Lp(a) in plasma did not differ significantly between cases and controls ( Table 2) . A combination or only 1 of the characteristics did not seem to have any influence on the risk of developing ischemic cerebral infarction in this population ( Table 3) .
The prevalence rate of C pneumoniae IgG seropositivity in smokers was 89% and in nonsmokers 83% (Pϭ0.400). Daily smoking was reported in 25% of the cases and in 16% of the controls (Pϭ0.082) ( Table 1) .
Discussion
In addition to traditional risk factors, an infectious pathogenesis for atherosclerosis has been proposed and a number of different pathogens have been investigated. The first serological evidence of an association between the obligate intracellular bacterium C pneumoniae and atherosclerosis in coronary arteries was provided in 1988. 18 Seropositivity for C pneumoniae was found to be significantly more common among individuals with chronic coronary artery disease and acute myocardial infarction than among controls. The issue of a connection between C pneumoniae and atherosclerosis in cerebral arteries has also been addressed. An association between C pneumoniae and stroke has been demonstrated in a few studies. 28 -30 We could not confirm this association in the present study, however, because no significant difference was found between patients and controls regarding C pneumoniae-specific antibodies. Seropositivity for C pneumoniae was found not to be associated with an increased risk of Lp(a) in plasma Ն300 mg/L and C.p.-IgG in plasma Ն1/32 (IV)
16 (17) 27 (14) 10 (18) 14 (12) C.p. indicates C pneumoniae. *Adjustment made for smoking, hypertension, diabetes mellitus, total cholesterol, and BMI. Adjustment was not made in men and women separately because there were too few subjects.
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ischemic cerebral infarction. Surprisingly, when controlled for other risk factors, such as smoking, hypertension, BMI, diabetes mellitus, and total cholesterol, a decreased risk of ischemic cerebral infarction was found to be associated with a positive C pneumoniae-specific IgG titer at baseline. Smoking is associated with the development of atherosclerotic disease. In this study, the proportion of smokers was larger among cases than controls, even though the difference was statistically nonsignificant. An association between smoking and C pneumoniae seropositivity has been described previously. 31 Smoking may increase the risk of being infected with C pneumoniae and should perhaps be regarded as a confounder of the association between C pneumoniae infections and the development of atherosclerosis. However, in the present study, no association was found between C pneumoniae IgG seropositivity and daily smoking.
The prevalence of positive C pneumoniae IgG titers has been shown to increase with increasing age. More than 50% of middle-aged adults have C pneumoniae-specific IgG antibodies. 32 In our study population, with a mean age of Ϸ56 years, 79% of the cases and 86% of the controls had positive C pneumoniae IgG antibody titers. This high prevalence of seropositivity in both cases and controls may be explained in part by a recent large C pneumoniae epidemic in northern Sweden. 33 The possibility of finding an association between chronic C pneumoniae infections and ischemic cerebral infarctions may have been prevented by this epidemic, especially because serology cannot distinguish between an ongoing and an earlier infection. If the sampling had been repeated in time, the proportion of controls with positive titers might have been lower.
Serology has been shown to be an unsatisfactory marker of the C pneumoniae-associated arterial disease status. 34 The bacterium has even been found to a larger extent in tissues from individuals with a low C pneumoniae-specific IgG titer than in individuals with a high IgG titer. 35 These findings may also be valid for cerebral arterial fatty streaks and fibrolipid plaques.
High levels of Lp(a) are a known independent risk factor for the development of coronary artery disease and acute myocardial infarctions. [1] [2] [3] [4] [5] Results have also been presented linking high Lp(a) levels and cerebrovascular disease. 6 -13 However, other studies have failed to confirm such an association. 14, 36, 37 Comparison of results from different studies is difficult because of methodological variations. For example, the method for defining cases differs among studies. In the ARIC study, no distinction was made between ischemic cerebral infarctions and hemorrhagic strokes, and the diagnoses were based on self-reported events. 13 In the present study, the diagnosis of ischemic cerebral infarction was verified by CT examinations, and cases with hemorrhagic strokes were excluded. In most studies, cases were sampled after the ictus. 6 -12 Because Lp(a) has been shown to react as an acute-phase protein, 38 -42 the observed differences between cases and controls might have been exaggerated because of the time chosen for sampling.
To the best of our knowledge, only 1 study before the present one has directly evaluated the risk of future stroke and baseline levels of plasma Lp(a) concentration. In that study, by Ridker et al, 14 no association was found between baseline plasma concentration of Lp(a) and future risk of stroke, a result that is in agreement with our findings. However, factors that may influence the data need to be considered. For example, atrial fibrillation is a strong independent risk factor for stroke. 12, 43 Shintani et al 11 found a significant difference in Lp(a) levels between cases with cerebral infarction and controls only when cases with atrial fibrillation were excluded. In the present study, the number of cases with atrial fibrillation is unknown, and therefore, the possibility exists that subjects with cardiac embolic strokes were included. The impact of this confounding factor is unknown.
Another methodological factor that is probably of importance is the fact that individuals who had previously suffered acute myocardial infarctions were excluded. As previously stated, high Lp(a) levels are known to increase the risk of developing early acute myocardial infarctions. In the present study, the population mean age is quite high. The possibility therefore exists that individuals at risk of suffering acute myocardial infarction as a result of high Lp(a) levels had already suffered the consequences of this risk factor and were therefore excluded. Accordingly, our negative findings may be partly due to the unintentional rejection of cases with high Lp(a) levels.
The age span in the present study is positively skewed. Only 6.9% of the cases are Յ45 years of age. Results have been presented indicating that Lp(a) plays an important role in the development of early cerebrovascular atherosclerosis. In a study population consisting of individuals with atherothrombotic stroke, Lp(a) levels were shown to be significantly increased in cases Ͻ45 years compared with cases Ͼ45 years old. 8 It is not possible to address this issue in our study, because the number of young cases was limited. In the present study, female cases were found to have a significantly higher mean Lp(a) level than female controls. However, as in men, the logistic regression analysis did not show any association between high Lp(a) levels and an increased risk of ischemic cerebral infarction. A similar result has been described in a previous, not prospectively designed, study in which a nonsignificant trend toward higher mean Lp(a) levels among female cases compared with female controls was observed. 37 Cardiovascular disease in premenopausal women is rare. After menopause, its occurrence increases, but it is still less frequent in women than in men of the same age. 44 A relation between Lp(a) levels and female sex hormones has been suggested, and higher Lp(a) concentrations in postmenopausal women than in premenopausal women have been reported. 45 Hormone replacement therapy has been shown to lower Lp(a) levels in postmenopausal women. 46, 47 In the present study, the difference in Lp(a) levels between cases and controls found in women but not in men may perhaps be explained by the fact that women are usually older than men when they suffer their first myocardial infarction. 44 Because there was no significant age difference between men and women in the present study, the selection bias due to rejection of individuals with previous myocardial infarction is probably greater among men than women.
The pathogenic mechanisms linking high Lp(a) levels and atherosclerotic disorders have still not been fully explained. Numerous different hypotheses have been proposed. One important discovery was the striking homology between structures in apo(a) and plasminogen. 48 This finding presented a structural basis for in vivo competition with plasminogen receptors on endothelial cells and with fibrin, which could damage the endothelial cells or inhibit fibrinolysis on the arterial wall because Lp(a) resists activation by tissue plasminogen activator. A hypothesis linking immunological mechanisms, high Lp(a) levels, C pneumoniae, and atherosclerosis has previously been presented. 49 The serine protease domain in apo(a) has a structural resemblance to the trypsin unit of the nonpathogenic bacterium Streptomyces griseus. 49, 50 It has been suggested that cross-reactivity between antibodies against pathogenic bacterial epitopes and apo(a) in Lp(a) could occur if structural similarities exist. 49 In a similar way, C pneumoniae-specific antibodies may form circulating immune complexes with apo(a) in Lp(a).
Certain HLA class II DR genotypes have been found to be significantly more common in male patients with early coronary artery disease than in controls, especially in patients with high Lp(a) levels. 23 These results indicate that an immune response to Lp(a) antigenic sites might occur, restricted to the HLA class II system. The high Lp(a) level may be related to HLA class II DR genotypes. T cells cannot be activated by an HLA-presented antigen alone. Therefore, secondary simultaneous costimulatory signals are needed. Furthermore, the B7 surface molecules expressed by antigenpresenting cells are strong costimulatory signal carriers. These molecules can also be expressed by macrophages separately from the cell that presents the HLA antigen complex. Macrophages express B7 molecules when they are infected. C pneumoniae is capable of multiplying in monocytes-macrophages 51 and has moreover been found in macrophages in atherosclerotic lesions. 52 Lp(a) is known to be taken up by macrophages. 53 If C pneumoniae is present in macrophages in the arterial wall and epitopes from apo(a) are presented at the same time, the T cells may be activated, resulting in T-cell proliferation and release of interferon-␥. This process would result in further activation of macrophages, induction of HLA class II antigens, and the formation of circulating immune complexes containing apo(a) immunoreactive epitopes. 54 The harmful effects of a high Lp(a) level could be further aggravated by the presence of a chronic C pneumoniae infection leading to the formation of circulating immune complexes, possibly causing faster progression of the atherosclerotic process.
It is not known whether the suggested interactive effect between high Lp(a) levels and positive C pneumoniae IgG titers is also relevant in cerebrovascular atherosclerosis, but our results fail to demonstrate any such association. Further studies to investigate interactions between Lp(a) and C pneumoniae are needed. Regarding C pneumoniae, detection of C pneumoniae DNA in peripheral blood mononuclear cells 55 may be a better tool than serology for identifying subjects with a persistent C pneumoniae infection.
